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Abstract 
Over the last few years it has become tighter the fight for the lightening of all devices and components of machines are 
characterized, in their operation, by a high level of mobility, as well as of all the means of transport for public and private use , 
and this is because the efficiency of those machines generates a positive effect in terms of reducing consumption and therefore 
operating costs, as well as the lower environmental impact than is accompanied by that reduction. 
In this process we observe the increasing introduction of elements in aluminum alloys within the moving parts of machinery and 
systems for logistics (continuous movement) or for CNC machining of materials (high acceleration), and the use aluminum frame 
structures for vehicles for transporting people and\or goods. 
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Over the last few years it has become tighter the fight for the lightening of all devices and components of 
machines are characterized, in their operation, by a high level of mobility, as well as of all the means of transport for 
public and private use, and this is because the efficiency of those machines generates a positive effect in terms of 
reducing consumption and therefore operating costs, as well as the lower environmental impact than is accompanied 
by that reduction. 
In this process we observe the increasing introduction of elements in aluminum alloys within the moving parts of 
machinery and systems for logistics (continuous movement) or for CNC machining of materials (high acceleration), 
and the use aluminum frame structures for vehicles for transporting people and \ or goods (Fig. 1). 
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Fig. 1 – Examples of application of Al alloys in in frame structures for veichles. 
Since the elements mentioned above mostly are made by assembling components with linear geometry, i.e. 
beams, one can understand the prevailing use of semi-finished extruded, in the light of other technical and economic 
potential that this technology can     provide to aluminum. 
In the route of identifying the optimal solutions for the customer, nowadays it is also necessary the contribution 
of knowledge and experience from suppliers of basic semi-finished, in that process called co-design increasingly 
widespread that when well-developed can produce examples of the products considered best practice for the sector 
they belong to. 
For applications of mechanics and transportation vehicles, it is crucial, given the specific application fields, to 
produce aluminum frames that can offer in their final composition a satisfactory resistance to mechanical fatigue 
which they are subjected in the course of their service life. 
This feature is the result of combined mechanical properties of the material, on which has a significant impact the 
adjustment of the process parameters used in industrial production, and the geometrical properties of the shape 
identified during the design also with the aid of FEM simulations, methods of assembly (mechanical joints, welding,  
adhesive gluing) and surface finishes. 
Only the combination of all these factors can make significant on all fronts of analysis the effect of the technical 
development of a new product belonging to the categories mentioned above. 
In order to observe what happens to the structure of machines and vehicles referred to, in the conditions as close 
as possible to those typical employment, prototypes are built taking into account the peculiarities of the 
technological process which will be used in the real components, as well as the real joints and the surface finishing 
selected. 
And all this in order to compress development time before market launch. 
A more traditional approach to the study of the fatigue behavior about a particular object takes to the test, for 
example, of alternating tension or bending stress, of small samples having the surface mirror polished so as to be 
able to produce a result on the behavior of mere material (Fig. 2) 
Fig. 2 – Four-points bending fatigue tests: specimens experimental device. 
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We must also take account of different aspects such as the influences of the surface state, the size, the 
technological process of production, etc.. all in a course that is becoming increasingly time consuming and costly. 
For this reason, where possible, we prefer to do simulation test bench, or full-scale prototypes. 
The test of fatigue life in plane bending conditions, for samples of actual size is able to provide results of great 
importance in the development of the choices that lead to the optimization of a new product, but for aluminum 
constructions, state of the art machines standard test clashes with a problem that makes the operation very 
complicated and expensive: 
• typically, hydraulically operated machines with load and displacement control are sized to allow frequencies 
of load acceptable (> 5Hz) only for displacement fields, imparted by the actuator, on the point of application 
of the load, smaller than 1 mm. These values can be considered good for steel frames, for which normally 
generate stress levels in the structure such as to be significant in the examination of fatigue (i.e. with 
duration of a few million cycles [Fig. 3]). Conversely for aluminum alloys, which have a modulus of 
elasticity equal to about one third of that of steel, the application of those deflections under load produces 
very low stresses and not significant for the study of the fatigue life; increase these displacements causes the 
need to reduce the frequency (1-2 Hz) of application of the load, otherwise the crisis of servo-mechanical 
disposals of the machine. In this way the tests become excessively long and costly (for 106 cycles at 2 Hz, 
without taking account of the necessary intermediate inspections are required approximately 30 days). 
Fig. 3 – Typical S-N curve of a metal material. 
In the context described Metra and 2Effe Engineering, in order to have, in their investigations, an instrument of 
fatigue test able to overcome all the difficulties mentioned, have developed, as a result of the application for a 
patent, an  innovative machine to test fatigue life (Fig. 4). 
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Fig. 4 – Schematic 3D draw of the new and innovative fatigue test rig. 
It is made of a rigid bench for positioning and support with sizes 2 x 1.2 m, on which by means of T-slots is 
possible to fix, in accordance with the desired configuration and with plates and brackets bolted, the constraints 
under which it is secured the frame or the piece to stress. 
A double stub built-in  the bench supports the movement unit, able to originate in the sample under test a 
solicitation variable in time by an imposed displacement. 
Then the alternating stress levels  are generated by the imposition of a displacement in a well-known point. 
The terminal part of the movement unit, in contact with the sample in the chosen position for the application of 
the cyclic action, is made from one or more columns. 
The space available between the ends and the plane is about 700 mm and corresponds to the maximum height 
achievable by the sample. 
The whole group of handling works for mechanical transmission devices whose primary drive takes place via an 
electric motor-belt-pulleys. 
The electric motor is controlled for adjusting the rotation speed by an inverter; with a fixed transmission ratio the 
motion arrives at the sample by means of the terminals of application of the displacement imposed, so it sets the 
frequency of stress that reaches up to 12 - 15 Hz 
Given the nature of the mechanical transmission there are no delays or phase transients between what  was set 
and what was observed on the test sample. 
For the verification of the state of stress reached at the point of interest for fatigue analysis, are used strain gauges 
that can detect in real time the interesting  measures as strains and stresses. 
These information are sent to the control unit of data acquisition, equipped with 8 input channels, and able to 
automatically perform the calibration pre-measurement, which is connected to a computer in order to process the 
signals received, display them on the screen and store them on fixed memory. 
The sampling frequency of the signal can get to 1000 Hz for each active channel measurement. 
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You can see with the help of a professional and reliable software intensity of  physical quantities measured by the 
strain gauges, and those derived ones, in real time; moreover using internal algorithms based on the FFT (Fast 
Fourier Transform) can migrate in the frequency domain to analyze aspects that are not immediately apparent. 
Among the latter, for example (Fig. 5), in the case where there are multiple harmonics to characterize the 
displacement imposed by the operating cycle of the machine, is a good index of the validity test, the observation 
that, in a graph amplitude vs. frequency, the distances between the abscissas and ordinates of peaks that characterize 
each of the harmonics remain almost unchanged. 
Fig. 5 – The analysis of the signal in the frequency domain is a good indicator of the validity of the test. 
If the variation of these intervals happens, one could discern the presence of vibrations due to the occurrence of 
normal modes for the structure of the bench or unexpected behavior of constraints, in any case no longer acceptable 
in terms of representativeness of the test. 
To measure the advance of cycles of fatigue life is place a tachometer (Fig. 6) that stops  the electric motor in the 
presence of a reading of the magnitude derived from the strain gages corresponding to a form of failure. 
Fig. 6 – Tachometer installed on the fatigue device frame. 
The positioning of the strain gauges on the bench frame (Fig. 7) allows the observation of the phenomena of 
stress and strain in the structure of the machine, as well as the possible presence of unwanted vibratory phenomena 
when the test sample is stressed at a given frequency . In the case in which this occurs is appropriate to reduce the 
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frequency of actuation of the machine, or work with the corrections on the constraints to avoid that the test is 
invalidated by phenomena that do not take decoupled structural behavior of the sample and that of the bench. 
Fig. 7 - The positioning of the strain gauges on the bench frame allows the observation of the phenomena of stress and strain in the structure of 
the machine 
The firsts test was made on a commercial extruded aluminum square tube. The aluminum alloy is a  EN AW 
6063 T6. Figure 8 shows the section of the tube. 
Fig. 8 – Section of the tube used for the machine frame. 
The beam was tested on for point bend configuration. The stress in the more stressed zone are was controlled 
with a strain gauge. Fig. 9 
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Fig. 9 – Strain-guage used to monitor the strain in the most stressed zone. 
The strain gauge allows to control the evolution of the fatigue damage. The graph of figure 10 shows the stress 
measured by the strain gauge respect to the numbers of cycling. It’s  possible to individuate three stage in the 
damage evolution: 
1) Crack initiation on the lower surface of the beam (Fig. 11 show a SEM micrograph of the initial point of the 
fracture),  
2) Completion of the breakup of the lower face, 
3) Evolution of the rupture on the lateral side. 
Fig. 10 – Measured strain (με) trend versus the number of cycles. 
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Fig. 11 – SEM micrograph of the crack initiation point. 
It’s easy to figure out how it possible to use this a approach to study the behavior of a wide range full scale real 
product. In particular the effect of extrusion welds and the treatments (welding, anodizing, shot peening etc. [3] ). 
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